Here we develop a phenomenological model for the discrimination of molecular enantiomers by Laguerre-Gaussian (LG) light based on electric dipole, magnetic dipole and electric quadrupole contributions. We show that in polar materials, linearly polarized Laguerre-Gaussian light can discriminate molecular enantiomers based on either the observed asymmetric transmission, i.e. the difference between transmission in forward and backward transmission exhibited by polar materials (Brullot, 2015), or helical dichroism (HD), i.e. the difference in transmission for clockwise and counterclockwise rotating LG light. * * * * with * * * * being one of the other allowed tensor components in the electric field component equation. The polar quadrupolar tensor components are the origin of the observed asymmetric transmission.
The PDF file includes:
Fig. S1. Transmission and asymmetry of transmission spectra for the achiral samples. Fig. S2 . Transmission and asymmetry of transmission spectra for the chiral samples. Fig. S3 . CD spectra of the achiral and chiral samples in both forward and backward direction. Further, we show that the observed effects are due to coupling between chirality and LG light intermediated by electric quadrupole fields and that it should be possible to separate the from contributions, which are currently indistinguishable using only CD techniques.
The presented model is an extension of a model used earlier to explain quadrupolarization-induced nonreciprocal asymmetric transmission (qAT).(16) Inclusion of magnetic dipole contributions to incorporate chiro-optical effects and the substitution of plane waves with LG light allow to explain the observed data.
Far-field radiation from electric and magnetic dipole and electric quadrupole sources.
First we write the radiated fields originating from electric and magnetic dipole and electric quadrupole sources. (21) As such, we explicitly include effects induced by quadrupolarization (electric quadrupole density) and chiro-optical effects.
 A radiating electric dipole generates in the far-field:
with a unit vector.
 For a radiating magnetic dipole in the far field:
 For an electric quadrupole source, we can write the magnetic induction as
And since = × :
where we can define Q(n) as
with = + +
Calculating the total electric field in the far-field radiation zone
The total field in the far-field radiation zone is the sum of the electric fields radiated by an electric dipole (ed), a magnetic dipole (md) and an electric quadrupole (eq) term. Combining equations 2, 3 and 5 yields
First we calculate × :
Using the general formula for a vector cross product × = ( 2 3 − 3 2 ) + ( 3 1 − 1 3 ) + ( 1 2 − 2 1 )
we can write
From these equations we can obtain ( × ) ×
The same mathematics goes for the quadrupole contribution ( × ( )) × .
For the magnetic dipole contribution ( × ) we end up with
Defining system geometry
To determine the relevant electric field and associated tensor components, we need to define the system's geometry (see S1). In the defined system, the incoming LG light wave propagates in the z-direction with electric field components in in all directions ( , and ). The beam has normal incidence on the sample.
Because of the electric field components in all directions for LG light, radiation of electromagnetic fields is allowed for all directions. In terms of , , and are all allowed.
If we take , and as unit vectors in the x, y and z directions, we can rewrite the dipolar contribution (Equation 11) to
As expected, radiation is possible in all directions when using LG light. For the quadrupolar term, we then arrive at
For the components of Q(n), we can write
Finally, for the magnetic dipole term, we get
We can then write the total field components from Equation 7 as
0.4 The total radiated electric field as a function of tensor components
Electric field components of LG light
Laguerre-Guassian light, with the radial and the azimuthal indices of the LG mode, has a quantized orbital angular momentum in the paraxial limit, when the beam is not or only weakly focused.
In the paraxial limit and using LG beams that have a large beam waist radius ( 0 >>> ), the electric field components of an LG beam propagating in the + direction can be written as:
In these equations, is the associated Laguerre polynomial, = √ 2 + 2 , = arctan( / ) , 0 is the initial field amplitude, 0 is the beam waist radius, = 1/ ( 0 ) = /(2 0 ) is the natural expansion factor and and are normalized phase factors, such that | | 2 + | | 2 = 1.
Important to note is that all but one dependences of and on are on the absolute value of (| |). The exception can be found for where the pre-exponential factor depends on just . This will be important later on in the analysis when dealing with the differences between + and − LG light.
In terms of gradients, is the same for LG light as for plane wave light ( = 0 ( − ) ): = with = , or . Contrary to plane waves propagating in the direction, where the field gradients or become 0, this is not the case for LG beams. As the exact form of these gradients is of no importance for the following analysis, we will suffice with explicitly including all components that depend on or .
Polarizations, quadrupolarizations and magnetizations
Generally, for a system with electric dipole, electric quadrupole and magnetic dipole contributions, we can write the polarization, quadrupolarization and magnetization in vector format as follows.
Important: for the following analysis, we start from LG light that is linearly polarized in the direction. This allows to simplify the equations and only include the , , and fields.
Starting from linearly polarized LG light, we can write the full polarizations, quadrupolarizations and magnetizations as 
Note that in the expression for , a term + could be expected. However, we chose to group the diagonal and components because they cannot be separated in a straightforward manner and are experimentally indistinguishable. Further, we neglect the term because it is irrelevant in the analysis.
Next we want to eliminate the and terms in the equation by transposing them to electric field terms. According to Cerjan and Cerjan,(22) the following relations are valid for LG beams: 
These equations include all electric and magnetic dipole and electric quadrupole contributions applicable in the defined system geometry.
Influence of enantiomers and propagation direction

Influence of enantiomers on tensor components
Changing enantiomers (e.g. D to L) has an influence on chiral tensor components. These chiral components change sign with changing enantiomers. In the simplified Equations 35, 36 and 37,the chiral tensor components are of the and types.
For clarity, tensor components of the and types are not allowed for achiral samples.
Influence of propagation direction on tensor components
The results shown in the article are based on asymmetric transmission. Samples were first measured in the forward and then in the backward direction and the data was subtracted and divided by the average to obtain a % asymmetry.
For the theoretical side, it is important to know what happens to the tensor components when the direction of light is reversed. Electric ( ) and magnetic ( ; ) dipole components are not influenced by the direction of light. Some electric quadrupole ( ; ) components, however, are sensitive to the direction of light travel.
If we look at the quadrupolar tensor components that remain in Equations 35, 36 and 37, we can categorize them in polar ( ; ;
) and chiral ( ) tensor components. While there are multiple ways of dealing with the directional sensitivity of quadrupolar tensor components, e.g. based on , we base our analysis on the appropriate tensor sign changes under the influence of a two-fold rotation, which corresponds to the experimental protocol. In concreto, when applying a two-fold rotation to the sample + → − and + → − (see Figure S5 ). For chiral quadrupolar components → − − , implying invariance under two-fold rotation. Polar quadrupolar components, however, do change sign and are thus sensitive to the propagation direction (
Asymmetric transmission and helical dichroism
The presented experimental results for asymmetric transmission and helical dichroism were acquired by measuring light intensities. To pinpoint the origin of the observed effects, we resort to expressing the expected intensities as a function of tensor components. In general, intensities can be calculated from electric field components as follows
with the absolute square of a complex number being
with * denoting the complex conjugate of . If the complex number is written as = + , with and real, then the absolute square can be written as
Fully calculating these absolute squares directly from Equations 35, 36 and 37 is very cumbersome due to the large number of tensor components and the different field dependencies and will result in a very large number of terms, rendering the solution unclear. However, for a correct analysis of the equations to find the origin of the observed effects, full calculations are not required.
When calculating the intensity from the absolute squares of the electric field components, multiplication pairs of tensor components in the electric field components are formed (real or imaginary). Examples of such tensor component pairs are , or .
Based on tensor component properties under certain circumstances, we can now analyze the origin of the observed effects.
Asymmetric transmission
As detailed earlier in Section 0.5.2, changing the propagation direction has an influence on particular tensor components ( + → − , ; ; → − ; − ; − ).
Asymmetric transmission (AT) is calculated by subtracting the intensity measured in the backward from the one in the forward direction.
AT ∼ fw − bw (41)
Origin of AT -interaction of OAM with electric quadrupole fields
Since the polar quadrupolar , and tensor components are the only ones that remain in the equation after forward minus backward subtraction, all terms in the AT intensity expression are of the type
